ABSTRACT This study was conducted in order to determine the goodness of fit of Brody, Gompertz, Logistic, and von Bertalanffy growth curve models in partridge (Alectoris chukar). The growth curve parameters A (upper asymptote or mature weight parameter), B (scale parameter related to initial weight), and K (instantaneous growth rate parameter) were determined as 623.4, 1.05, and 0.075 for females and 723.8, 1.06, and 0.073 for males in the Brody model, respectively, 472.9, 3.47, and 0.207 for females and 565.3, 3.59, and 0.192 for males in the Gompertz model, respectively, 440.2, 12.89, and 0.332 for females and 517.0, 14.13, and 0.319 for males in the Logistic model, respectively, and 498.9, 0.77, and 0.164 for females and 608.8, 0.79, and 0.150 for males in the von Bertalanffy model, respectively. While determining which growth curve model presented the better fit, the coefficient of determination (R 2 ), adjusted the coefficient of determination (adj.R 2 ), mean square predicted error (MSPE), Durbin-Watson value, correlation between estimated live weight and residual values (RESC), Akaike's information criteria (AIC), and Bayesian information criterion (BIC) were used. As a consequence of the study, it was determined that the Gompertz model yields a better fit to the data for the partridge, as its coefficient of determination and adjusted coefficient of determination are high, its values of MSPE, RESC, AIC, BIC are low and there is not an autocorrelation between the residual values. As a result, the Gompertz model presented a better fit with the partridge data.
INTRODUCTION
Humans have struggled to raise game animals under controlled conditions in order to replicate the benefits of wild-reared animals, such as high productivity and superior taste. This struggle has encouraged scientists to look for new ways to raise different game animals for meat. Today, the partridge and the pheasant are the primary game animals whose intensive animal husbandry is practiced (Guerrini et al., 2007; Caglayan et al., 2014) . The most common partridge species in Turkey is Alectoris chukar (Balcioglu et al., 2009) Partridges, which are game birds in the wild, are mostly raised for hunting tourism, the conservation of the natural balance, and meat production (Yilmaz and Tepeli, 2009; Cufadar et al., 2010; Karabag et al., 2010; Panayides et al., 2011; Caglayan et al., 2014; ) . The partridges that are raised for hunting tourism or conservation of the natural balance are released into the hunting ground or into the wild when they reach a certain weight and age. Changes in live weight and proportional growth of body components as effected by genotype and environmental factors are defined as growth, while those changes emerging in growth over time are defined as growth curves (Camdeviren and Tasdelen, 2002) .
The purpose of growth curves, which are the mathematical expression of growth, is to summarize the information which is obtained at different ages and they are difficult to interpret with few parameters that can be interpreted in a biological context (Kahm et al., 2010; Narinç et al., 2014a) . Growth curves can be used to determine the most suitable slaughtering age, detecting a measurable growth trait, getting information about the health status of the living being, and examining the effect of the selection on the parameters of growth curve (Akbas, 1995; Akbas et al., 1999; Narinç et al., 2014b) . Knowing growth curve parameters of the partridge may help scientists take the first step in animal breeding programs.
When the studies related to growth curves in poultry are examined, some researchers report that the Gompertz (Piao et al., 2004) , Logistic (Gurcan et al., 2012; Rezvannejad et al., 2013) , and Weibull (Raji et al., 2014 ) models present a better fit for partridges. Cetin et al. (2007) compared growth models (Gompertz, Logistic, and Richards) by using growth profiles of female and male partridges. As a result of the research, it was concluded that the Gompertz model presents a better fit to the data of both female and male partridges. Tholon et al. (2006) employed the Gompertz 1635 model in research done on partridges. In this study, the coefficient of determination was 0.90 and the growth curve parameters were determined using the Gompertz model. Tholon and Queiroz (2007) used the Brody, von Bertalanffy, Gompertz, and Logistic models to study tinamous (Rhynchotus rufescens). The best model to describe tinamous growth was the Gompertz model because of the highest coefficient of determination values, the ease of convergence, the lower mean square predicted error, and the ease of parameter biological interpretation. In a study conducted by Balcioglu et al. (2009) , the growth data of female and male partridges were compared to Gompertz, Logistic, and von Bertalanffy models. This study was performed with the purpose of determining the model showing the best goodness of fit in female and male partridges among the Brody, Gompertz, Logistic, and von Bertalanffy growth curve models. In the research, it was determined that the Gompertz model provides a better fit to the data on partridges due to its high coefficient of determination and lowest residual variance. Aourir et al. (2014) used the Gompertz model to study Barbary partridges (Alectoris barbara). In the study, the coefficient of determination for female and male partridges was detected as 0.987 and 0.990 respectively. The hypothesis of the present study is to compare the non-linear models for best fitting which are used to determine the growth-related changes in partridge (Alectoris chukar).
MATERIAL AND METHODS
This study was conducted at Selcuk University, Faculty of Agriculture, Research and Application Farm, Konya, Turkey. A total of 108 female and 72 male partridge chicks were wing-banded and individually weighed. They were weighed with a digital scale with a sensitivity of 0.01 g every week. Eighteen chicks were placed into each of the 55 × 117 cm cages, providing 357 cm 2 /chick. The animals were fed with a starting diet (24% CP, 2,919 kcal of ME/kg, 1.06% Ca, and 0.59% P) for the first 8 weeks (Leclercq et al., 1987; NRC, 1994; ) and with pullet grower diet (17% HP, 2,900 kcal of ME/kg, 2.5% Ca, and 0.45% P) between 9 and 20 weeks (Leclercq et al., 1987; NRC, 1994; Cufadar and Bahtiyarca, 2006) . The ambient temperature was set as 33
• C on the first day and it was decreased to the level of 3
• C each week until the ambient temperature reached 20
• C (Ozek et al., 2003; Arslan, 2004; Yildiz et al., 2005) . All procedures were performed according to the guiding principles for the care and use of research animals.
The growth curve models given below were used in determining the parameters belonging to growth curves (Table 1) . Parameter predictions belonging to the models were made through SPSS software by using iterative Levenberg-Marquardt method (Akbas et al., 1999; Narinç et al., 2010a) . The Durbin-Watson (DW) value Table 1 . Growth curve models and the age at point of inflection and weight at point of inflection in partridge (Alectoris chukar). (Cetin et al., 2007) . In this study, the tabulated critical values d L and d U of DW statistics for Brody, Gompertz, Logistic, and von Bertalanffy models (n p = 3-1 = 2) are 1.05 and 1.53 (n = 18, α = 0.05). In this study, goodness of fit of the models was evaluated by coefficients of determination (R 2 ), mean square predicted error (MSPE), DW, and correlation between observed live weight and residuals (RESC). Coefficient of determination (R 2 ) = 1-(SSE/SST) where SSE is the sum of square of errors, and SST is the total sum of squares. Adjusted coefficient of determination (adj.
where n is the number of observations, and k is the number of parameters (Narinç et al., 2010b ). Akaike's information criteria (AIC) = n.ln(SSE/n)+2k, where n; the number of observations, SSE; sum of square of errors, k; the number of parameters. Schwarz Bayesian information criterion (BIC) n.ln(SSE/n)+k.ln(n), where n; the number of observations, SSE; sum of square of errors, k; the number of parameters (Narinç et al., 2010c; Narinç et al., 2013) .
RESULTS AND DISCUSSION
By determining the live weights on an individual basis from hatching to the age of 140 days with 7-day intervals, mean and standard errors belonging to the growth curve parameters whose change in live weight in female and male partridges were estimated through Brody, Gompertz, Logistic, and von Bertalanffy models and are given in Table 2 .
The asymptotic weight parameter represents the maximum growth response for animals (Narinç et al., 2010b) and there are some differences between estimated asymptotic weight parameters for the models used in this study. Asymptotic weight is directly related with genotypic and environmental effects. As seen in Table 2 , the highest parameter, A, representing asymptotic weight in female and male partridges, was determined using the Brody model (623.4 to 723.8) and the lowest parameter was determined using the Logistic model (440.2 to 517.0). In the current study, the value belonging to the parameter A determined for female and male partridges in the Gompertz model is in accordance with the value reported by Cetin et al. The parameter B, representing the ratio of live weight, gained in the period after hatching or the hatching weight to mature weight, had the lowest value for female and male partridges in the von Bertalanffy model and the highest value in the Logistic model (Table 2) . In this study, the values related to the parameter B determined with the Gompertz model in female and male partridges were higher than those reported by Cetin et al. (2007) and lower than the value Balcioglu et al. (2009) reported. It is expected that different asymptotic weight parameters would be observed for birds fed in different environments and which have different genotypes. The B parameter of the Gompertz function describes the rate or earliness of maturity. On the other hand, while the values which were determined for female and male partridges in the Logistic model were similar to those found by Cetin et al. (2007) , they were lower than the values Balcioglu et al. (2009) reported.
The parameter K, indicating maturation rate and how fast live-weight reaches the mature weight, had the lowest value in the Brody model and the highest value in the Logistic model for partridges of both genders (Table 1) . In this study, the values related to the parameter K for female and male partridges in the Gompertz and Logistic models were considered similar to those values reported by Cetin et al. (2007) and Balcioglu et al. (2009) . While the values belonging to the parameter A that Tholon et al. (2006) found for partridges (Rhynchotus rufescens) in the Gompertz model and for tinamous (Rhynchotus rufescens) in the Brody, Gompertz, Logistic, and von Bertalanffy models of Tholon and Queiroz (2007) were higher than the values found in this research, the values related to the parameters B and C were similar in general. The reason why Tholon et al. (2006) and Tholon and Queiroz (2007) obtained a value of the parameter A that was different from the parameter of this study is because the partridge varieties used between the studies were different.
The parameter (T i ), representing the age at the point of inflection for female and male partridges in the Gompertz model, was found as 16.8 and 18.7 weeks, respectively, while the parameter (Y i ), representing weight of point of inflection, was found as 174.0 and 208.0 g in the same order. Lower T i (5.2 and 5.8 weeks) and Y i (147.8 and 180.4 g) parameter value were estimated in the von Bertalanffy model in comparison with the Gompertz model.
The estimated growth curves in female and male partridges, which were determined by using four different growth curve models, are seen in Figure 1 and Figure 2 . As it can be seen in Figures 1 and 2 , the Gompertz, Logistic, and von Bertalanffy models were in better accordance with the actual data. In the Brody model, the initial live weight had lower values in both female and male partridges.
The values of the coefficient of determination, adjusted coefficient of determination, mean square predicted error, DW, correlation coefficient between observed live weight and residuals, AIC, and BIC which were employed to compare the model in terms of goodness-of-fit, are given in Table 3 . In all growth curve models applied in this study, coefficients of determination and adjusted coefficients of determination which can be considered high were obtained for both female and male partridges (0.932 to 0.991). The coefficients of determination obtained in this study are similar to those reported by Balcioglu et al. (2009) for the Gompertz, Logistic, and von Bertalanffy models, those reported by Cetin et al. (2007) for the Gompertz, Logistic, and Richards models and those reported by Aourir et al. (2014) for the Gompertz model. The values that Tholon et al. (2006) found for partridges (Rhynchotus rufescens) in the Gompertz model and Tholon and Queiroz (2007) obtained for tinamous (Rhynchotus rufescens) in the Brody, Gompertz, Logistic, and von Bertalanffy models are lower than the coefficient of determination obtained in this study. The values of MSPE and RESC are slightly higher in the Brody model and they are close to each other in the other models. While the DW statistic is in the zone of indifference in the Gompertz and von Bertalanffy models (P > 0.05), a positive autocorrelation is observed in the Brody and Logistic models (P < 0.05).
In order to evaluate whether growth curve models accord with actual values, it is possible to use coefficients of determination, mean square predicted error, the Durbin-Watson statistic, which shows whether there is autocorrelation between residuals or not, and the correlation coefficient between estimated values and residual values. In the comparison of growth curve models, it is known that the model with the highest R 2 value and the lowest MSPE value explains the change and MSPE values are evaluated together (Keskin and Dag, 2006; Sahin et al., 2014) . Some researchers studied the Durbin-Watson (DW) statistic, along with R 2 and MSPE (Norris et al., 2007; Keskin et al., 2009 ). In a number of studies, R 2 , MSPE, DW, and RESC were examined together (Aytekin et al., 2009; Aytekin et al., 2010) . In these studies not including autocorrelation in the DW statistic, low values of RESC were recommended. The Gompertz function shows the minimum AIC and BIC values (382 and 393 for female, 515 and 527, respectively), followed by Von Bertalanffy and Logistic models.
CONCLUSION
It is possible to say that the Logistic and von Bertalanffy models do not present a good fit as they cannot determine the value related to asymptotic live weight properly, although they possess a high coefficient of determination and low mean square errors. It is also possible to say that the Brody model, on the other hand, does not fit well in comparison with other models (Gompertz, Logistic, and von Bertalanffy), as it has higher mean square errors and includes a positive autocorrelation.
The Gompertz model presented a better fit in this study, which was done to define growth curves of four different mathematical models in female and male partridges, because its coefficient of determination and adjusted coefficient of determination is higher than other, its values of mean square prediction error, AIC, BIC are the lowest and it contains an autocorrelation, estimating the parameters representing age at the point of inflection and the parameters representing weight at the point of inflection as close to the actual values.
Consequently, determining growth curve parameters in partridges will provide effectiveness in determining such issues as growth, performance of livestock, and optimum slaughter age, as well as in preparing appropriate feeding programs and selection. It is also possible to say that transferring the collected data into practical breeding practices would increase the production effectiveness of partridge breeding, has commercial potential in alternative poultry production, and contributes to the development of the sector.
